This study evaluated the effects of time and temperature variables on routine Prothrombin Time test and Activated Partial Thromboplastin Time (APTT) test among subjects of African descent in Sokoto, North Western Nigeria. Samples of 99 subjects made up of 49 male and 50 female subjects with mean age 38.3 ± 22.3 years. Coagulation tests were performed immediately specified times after phlebotomy up to 24 hours (0, 1, 2, 3, 4 and 24 hours at room temperature of 40 degrees C. Our data demonstrate that prothrombin time and APTT results are stable for up to 2 hours, remaining constant regardless of storage conditions. Post hoc tests using Bonferroni correction revealed that there were increases in PT time from 0 hour to 4 hours (17.82 ± 0.61 seconds vs 18.30 ± 0.59 seconds, respectively), from 0 hour to 24 hours (17.82 ± 0.61 seconds vs 18.48 ± 0.59 seconds, respectively), from 2 hours to 4 hours (17.89 ± 0.58 seconds vs 18.30 ± 0.59 seconds), from 2 hours to 24 hours (17.89 ± 0.58 seconds vs 18.48 ± 0.58 seconds), which were all statistically significant (p = 0.002 and p < 0.000, p < 0.000, p < 0.000, respectively). However, the increase in PT time from 0 hour to 2 hours (17.82 ± 0.61 seconds vs 17.89 ± 0.59 seconds, respectively) and from 4 hours to 24 hours (18.30 ± 0.59 vs 18.48 ± 0.59 seconds, respectively) were not statistically significant (p = 1, p = 0.428). A repeated measure ANOVA determined that mean PTTK time differed statistically significantly between time points F (3, 291) = 119.22, p < 0.001. Post hoc tests using Bonferroni correction revealed that there were increase in PTTK time from 0 hour to 2 hours (37.86 ± 1.04 seconds vs 39.94 ± 1.07 seconds, respectively), from 0 hour to 4 hours (37.86 ± 1.04 seconds 
vs 42.34 ± 1.11 seconds, respectively), from 0 hours to 24 hours (37.86 ± 1.04 seconds vs 44.93 ± 1.20 seconds), from 2 hours to 4 hours (39.94 ± 1.07 seconds vs 42.34 ± 1.11 seconds), from 2 hours to 24 hours (39.94 ± 1.07 seconds vs 44.93 ± 1.20 seconds) and from 4 hours to 24 hours (42.43 ± 1.11 vs 44.93 ± 1.20 seconds), which were all statistically significant at p < 0.001). Therefore, we conclude that there are no statistically significant differences in the PT and APTT between 0 and 2 hours. A longer timing (after 2 hours) from phlebotomy collection of blood from respondents elicited a statistically significant increase in the PT and APTT result. There were no statistically significant differences in the PT and APTT result determined 4 hours and 24 hours after phlebotomy. Longer timing from collection of blood from respondents elicited a statistically significant increment/increase in the clotting time using PTTK. Our data demonstrate that PT and APTT results are stable for 2 hours remaining constant regardless of storage conditions.
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Introduction
Pre-analytical and analytical variables including storage temperature and time interval between sample collection and testing can have a significant effect of results of hemostatic laboratory testing [1] . Pre-analytical variables including specimen collection, storage, temperature, transport, anticoagulant type, haematocrit, filling status of the sampling tube and centrifugation variable can potentially affect analysis results and by extension the medical care offered to patients [2] . Prothrombin time (PT), international normalized ratio (INR) and the Activated partial thromboplastin time (APTT are common and readily available coagulation tests used to investigate the pathological changes to the haemostatic and coagulation systems and to monitor clinical therapy particularly among patient on anticoagulant therapy (warfarin and Heparin), patients with thromboembolic events, haemorrhage and to monitor coagulopathy [2] . Prothrombin Time (PT) measures the integrity of the extrinsic system as well as factors common to both systems and Partial Thromboplastin Time (PTT) measures the integrity of the intrinsic system. The results of PT and APTT are used to diagnose haemophilia, are often associated with chronic liver disease, risk factors for thrombosis and are used as indicators for use of fresh-frozen plasma (FFP) in hemorrhaging patients and patients having an invasive procedure [3] [4] . To minimize the negative effects of pre-analytical variables, the Clinical and Laboratory Standards Institute (CLSI) H21-A5 recommends that specimens should be tested within 24 h for PT and 4 h for APTT if stored at room temperature (25˚C) [5] . Previous reports have suggested acceptable storage temperatures and times for routine coagulation testing [6] [7] . Storage time and temperature has been shown in a previous report to have effect on FVIII and FIX activity in FFP [4] . Normal temperature in our environment is 40˚C. It is not known what effect our local prevail-ing temperature has on PT and APTT results. The aim of this present study is of investigating the effect of storage temperature and time of testing on PT and APTT results. It is not known whether changes caused by delayed analyses and temperature have a clinically significant difference in the results obtained.
Materials and Methods

Study Area
The study was carried out in Usmanu Danfodiyo University Teaching Hospital (UDUTH), Sokoto, Nigeria. Sokoto State is located in the extreme North Western corner of Nigeria, it occupies 25,973 square kilometres and is situated along latitude 13˚3'39"N and longitude 5˚14'2"E. As of 2005, it had an estimated population of more than 4.2 million [8] . It shares its borders with Niger Republic to the North, Zamfara State to the East, Kebbi State to the South-East and Benin Republic to the West. With an annual average temperature of 28.3˚C (82.9˚F). Sokoto is in the dry Sahel, surrounded by Sandy Savannah and isolated Hills. Sokoto is on the whole, a very hot area.
Study Subjects and Design
The study included consecutively recruited patients referred for PT and APTT test in the Department of Haematology of Usmanu Danfodiyo University Teaching Hospital (UDUTH), Sokoto. Verbal informed consent was obtained from the subjects.
Statistical Analysis
Statistical analysis was performed using statistical package for social sciences (SPSS) version 20. Frequencies and percentages were calculated. Student t-test (independent t test and paired sample t-test) and ANOVA were used for comparison of data. The results were presented as mean ± standard error of mean. A p-value of ≤0.05 was considered as significant in all statistical comparisons.
Inclusion Criteria
Inclusion criteria included Clinical Indication and request for PT and APTT by a clinician and willingness of subject to offer verbal informed consent to participate as subject in this study.
Exclusion Criteria
The following were excluded from the study; patients in whom PT and APTT were not clinically indicated and patients who refused to offer a verbal informed consent to participate as subject in this study.
Study Design
This research was a case study and included 99 subjects made up of 49 male and 50 female subjects with mean age 38.3 ± 22.3 years. Socio-demographic data of the patients was obtained by using a questionnaire which included the age, gender and other socio-demographic data.
Study Site and Participating Hospital
Study was conducted in the Haematology Laboratory of the Faculty of Medical Laboratory Sciences, Usmanu Danfodiyo University, Sokoto, Nigeria.
Sample Collection
About 2.7 millilitres of blood sample was collected from each subject aseptically using the venepuncture technique. The blood was collected into tubes containing sodium citrate anticoagulant. The citrated samples were centrifuged at 3000 rpm for 5 minutes to obtain clear non-haemolysed citrated plasma. The plasma was transferred into sterile labelled test tubes and assayed (in batches) for PT and APTT using the Diagen (UK) PT and APTT kits.
Result
This study evaluated the effects of time and temperature variables on routine Prothrombin Time test and Activated Partial Thromboplastin Time (APTT) test among subjects of African descent in Sokoto, North Western Nigeria. Samples 99 subjects made up of 49 (49.5%) male and 50 (50.5%) female subjects with mean age 38.3 ± 22.3 years. Table 1 show the age and gender distribution of subjects. Coagulation tests were performed immediately specified times after phlebotomy up to 24 hours (0, 1, 2, 3, 4 and 24 hours at room temperature of 40 degrees C. Our data demonstrate that prothrombin time and APTT results are stable for up to 2 hours, remaining constant regardless of storage conditions. Table 2 and Table 3 show the mean PT and APTT results respectively , which were all statistically significant (p = 0.002 and p < 0.000, p < 0.000, p < 0.000, respectively). However, the increase in PT time from 0 hour to 2 hours (17.82 ± 0.61 seconds vs 17.89 ± 0.59 seconds, respectively) and from 4 hours to 24 hours (18.30 ± 0.59 vs 18.48 ± 0.59 seconds, respectively) were not statistically significant (p = 1, p = 0.428). Table 3 shows the Bonferroni comparison between the Mean Time for PT when done over Time. A repeated measure ANOVA determined that mean PTTK time differed statistically significantly between time points F (3, 291) = 119.22, p < 0.001. Post hoc tests using Bonferroni correction revealed that there were increase in PTTK time from 0 hour to 2 hours (37.86 ± 1.04 seconds vs 39.94 ± 1.07 seconds, respectively), from 0 hour to 4 hours (37.86 ± 1.04 seconds vs 42.34 ± 1.11 seconds, respectively), from 0 hours to 24 hours (37.86 ± 1.04 seconds vs 44.93 ± 1.20 seconds), from 2 hours to 4 hours (39.94 ± 1.07 seconds vs 42.34 ± 1.11 seconds), from 2 hours to 24 hours (39.94 ± 1.07 seconds vs 44.93 ± 1.20 seconds) and from 4 hours to 24 hours (42.43 ± 1.11 vs 44.93 ± 1.20 seconds), which were all statistically significant at p < 0.001). Table 4 shows the Bonferroni comparison between the mean time for APPT when done over time. Table 5 shows the differences between the Mean Time for PTTK when done over Time.
Discussion
In this present study, PT and APTT tests were performed immediately at specified times after phlebotomy up to 24 hours (0, 1, 2, 3, 4 and 24 hours at room temperature of 40 degrees C). Our data demonstrate that there are no statistically significant differences in the PT and APTT between 0 and 2 hours. A longer timing (after 2 hours) from phlebotomy elicited a statistically significant increase in the PT and APTT result. Our finding is at variance with observation in a previous report [9] which indicated that PT/INR result is clinically relevant after storage for up to 24 h at 4˚C and 25˚C; while APTT could be stored for up to 12 h at 4˚C and 8 h at 25˚C. Our finding is also at variance with a previous report which indicated that prothrombin time and APTT results are stable for up to 24 h and 8 h respectively, remaining constant regardless of storage conditions [10] . Also, Goyal and colleagues [11] evaluated coagulation parameters (PT and APTT) at 0, 6, 24 and 48 h from the plasma stored at room temperature, as well as plasma stored under refrigerated and freezing conditions and observed that PT can be stored and analysed without any significant changes for up to 6 h from the actual blood collection, while for APTT results, plasma samples should be run immediately after collection. Our finding is consistent with previous report [12] which reported that PT and APTT can be reliably tested after storage for 8 h at room temperature and that the acceptable time interval can easily be extended to 24 h for PT determination.
In variance to our findings, van Geest-Daalderop and colleagues [18] reported that the acceptable time interval for PT/INR determination is 6 h at 4˚C -6˚C, 25˚C, and 37˚C. Moreover, Oddoze and colleagues [15] reported that the acceptable time interval
for APTT determination is 6 h at 4˚C and 25˚C. Our finding is partly in agreement with a previous report by Mohammed Saghir and colleagues [12] who reported that samples for PT testing can be accepted only up to 4 h when kept at RT while samples for APTT can be accepted up to 2 h only at RT or refrigerator. Our finding is also slightly at variance with a previous report [19] which indicated that prothrombin time (PT) and activated partial thromboplastin time (APTT) should be completed within one hour of sample collection and the storage temperature should be at room temperature. The reason for our distinct finding compared to other authors is that unlike others, the prevailing room temperature under which our testing was carried out was at 40˚C.
We observed that there were no statistically significant differences in the PT and APTT result determined 4 hours and 24 hours after phlebotomy. Longer timing from collection of blood from respondents seems to elicit a statistically significant increment/increase in the clotting time using PT and PTTK. Our finding is also at variance with findings by previous authors [20] [21] who concluded that no changes were noted in PT and APTT up to 6 h and 8 h respectively. Similarly, a previous study carried out by Salvagno and colleagues [22] indicated that a 6-h storage of uncentrifuged specimens at either RT or 4 degrees C may still be suitable to achieve results of routine coagulation testing comprised within the analytical quality specifications for desirable bias.
In this study, we observed an increase in the PT and APTT measurements was noted over time when samples were stored at the prevailing temperature of 40˚C. Previous report indicated that APTT measurements were increased at 4˚C while PT measurements were decreased at 4˚C [23] . Similarly, Heil and colleagues [24] demonstrated that APTT samples were stable up to 8 h at either RT or 4˚C, except for those which were on unfractionated heparin therapy. Several studies recommended that PT and APTT determinations may be constant for periods more than currently suggested in NCCLS guidelines [25] [26] . PT, and APTT are part of the conventional routine coagulation panel. This study has shown that accurate standardization of both the preanalytical and analytical phases is pivotal to achieving accuracy and precision of results. There may be need for timely and accurate coagulation testing of plasma samples in environment where prevailing room temperature is higher than the CLSI H21-A5 guidelines prescribed threshold room temperature of 25˚C. Coagulation testing is very important to diagnose and treat haemophilia, in management of haemorrhage, to monitor oral anticoagulant therapy, chronic liver disease, in thrombotic disease and in the determination of patients in which FFP is clinically indicated.
Conclusion and Recommendations
This study has shown that there are no statistically significant differences in the PT and APTT between 0 and 2 hours. A longer timing (after 2 hours) from phlebotomy collection of blood from respondents elicited a statistically significant increase in the PT and APTT result. There may be need for timely and accurate coagulation testing of plasma samples in environment where prevailing room temperature is higher that the CLSI H21-A5 guidelines prescribed threshold room temperature of 25˚C.
